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Abstract 
The concentrations, components, distribution and occurrence of polycyclic aromatic hydrocarbons (PAHs) from coal 
combustion and coking in the Shougang district , Beijing have been systematically studied. More than 40 kinds of 
PAHs have been detected in the power plant and coking plant, nine of them are precedence-controlled pollutants set 
by US EPA. Many PAHs are carcinogenic and mutated. The carbon isotope values vary with the temperature of coal 
combustion and coking, the higher temperature and the more complete combustion are, the lower δ13C values of 
PAHs are. So theδ13C values of PAHs may be used to identify the sources of environmental particulates from coal 
combustion and coking. The impact of PAHs from coal combustion and coking on the environment has been 
discussed as well. 
 
 
Keywords: Shougang district of Beijing; coal combustion; coal coking; PAHs; distribution and occurrence; environmental impact 
1. Introduction 
Polycyclic aromat ic hydrocarbons (PAHs) are the compounds containing two-benzorings or more than 
two-benzorings in molecules, which can extensively exist in water, soil, especially in atmospheric dusts. 
PAHs can enter into the interior of cell through fat dissolution, resulting in toxicity and mutation of liv ing 
things [1-2]. The study results show PAHs from coal combustion main ly occur in  floating dusts and flues 
[3-4]. In addition, PAHs in the air can be absorbed by plants, or accumulated in soil, and resulted in 
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impacting on the health of human beings through food chains [5-6]. With the rapid development of city 
and economics construction, more and more organic pollutants emitted into the air and resulted in grave 
atmospheric environmental problems. The Shougang district is a complex production area with large-scale  
coal coking, coal combustion, power production and steel making, in  which the coking plant and power 
plant are the main places released particulate pollutants from coal combustion and coking, the emitted 
particulate pollutants to some degree contributed to the air pollution in  the Beijing city. The authors 
collected products of coal combustion and coking in the Shougang district, and contrasted with the 
distributions of PAHs from coal combustion and coking, discussed its impact on the around environment 
as well. 
2. Experimental Samples & Methods  
2.1. Sampling 
All samples were collected from the power plant and the coking p lant in the Shougang district Beijing. 
The raw coal in the power plant collected from the coal dump, the bottom ash (BA) from the water-rinsed 
residue, the fly ash (FA) from the collection pipe, the dust fall (DF) in  the power plant from the p latform 
of dust-catching tower (about 4m high from the ground), the waste water (WW) in the power plant from 
the water-rinsed residue pool. The coking coal collected from the coal dump in the coking plant, the 
furnace top ash (FTA) from the top of coking furnace, the coke powder (CP) from the coking workshop, 
the dust fall (DF) in  the coking plant from the second platform of the coking furnace experimental station 
(about 8m high from the ground), the waste water (WW) in the coking plant from the drainage of 
biochemical disposal pool.  
2.2. Sample Preparation 
All part iculates including raw coal, BA, FA and DF from the power p lant, co king coal, FTA, DF and 
CP from the coking plant were ground to smaller than 200 mesh. The soluble organic matters from 
particulates were ext racted using CHCl3 in soxlet extractor, the heating temperature 78ć , the extraction 
time 72h, the extracted solution was concentrated to 4mL or so, then dried it and weighed the chloroform 
bitumen “A”. The chloroform b itumen  “A” was separated into saturated hydrocarbons, aromat ics, non -
hydrocarbon and asphaltene using silica gel and alumina layer co lumn, finally the con centrations of PAHs 
were calcu lated. WW from the power plant and coking plant was directly extracted using CHCl3, then 
PAHs separated. 
2.3. Experiments 
PAHs separated were analyzed using GC-MS and stable carbon isotope (δ13C‰). Fin igan TSQ70B 
GC-MS instrument was adopted, the ionization voltage 70eV, the heating rate 34ć /min. All PAHs 
detected from GC-MS were semi-quantitatively analyzed using integral area. The δ 13C‰ analysis was 
analyzed by way of Finnigan MAT-252 spectrometer, the detection limit ±0.02‰. 
3. Results and Discussions  
3.1. Yields of Chloroform Bitumen “A” and Concentrations of PAHs 
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After all samples were ext racted using CHCl3, then chloroform b itumen “A” and group components 
were separatedˈfinally PAHs separated (Table 1). 
Table 1 Total contents of chloroform bitumen “A” and PAHs from coal, coal combustion and coking products in the Shougang 
district, Beijing 




Coal 50 5738 82.4 
BA 120 1550 23 
FA 120 47.5 0.67 
DF 100 561 0.8 
WW 800 mL 3500μg/L 112.5μg/L 
Coking 
plant  
Coal 50 12240 204.3 
FTA 50 8720 137.3 
CP 50 166 24 
DF 60 9501.7 131.8 
WW 800 mL 4625μg/L 200μg/L 
 
Known from the Tab le 1, the difference of the contents of PAHs in particu lates results from the source 
and composition of part iculates. The contents of the chloroform bitumen “A” and PAHs from products in 
coal combustion and coking decrease evidently compared with those in raw coal. The content of PAHs 
from raw coal in the power plant is 82.4μg.g-1, which is evidently lower than 204.3μg.g -1 of raw coal in 
the coking plant, which resulting from coal rank difference, the raw coal in  the power plant is long -flame 
coal, while it is fat-coking coal in the coking plant. The big difference for the contents of chloroform 
bitumen “A” and PAHs between raw coal and combustion products mainly results from the combustion 
mode of flu idized bed in the power plant, the coal burnt completely, and there is no open -air coal dump 
around the power plant, which resulting in  no mixing  of BA, FA and DF with coal. However there exists 
litt le difference for the contents of chloroform bitumen “A” and PAHs between coking coal and products. 
Some FTA is coal sprinkled during loading coal, under the action of high temperature some coal burnt, so 
FTA is the mixture of coal and coke. The main composition of CP is carbon, in which most organic 
matter has been carbonized. The high contents of chloroform bitumen “A” and PAHs in DF in the coking 
plant result from the open-air coal dump in the coking p lant, the coal grain  can easily  float and drop near 
the furnace with the hot air during loading coal. Both WW in the power plant and in the coking plant 
contain high PAHs, and the contents of chloroform bitumen “A” and PAHs in WW in the  coking plant are 
higher than those of the power plant, which indicating WW from the coking p lant can cause more harm to 
the environment than that from the power plant. From the total contents of PAHs, the pollution level in 
the coking environment is very h igh, whether the atmosphere and soil or water environment will be badly 
affected by coking. 
3.2. Distribution and Occurrence of PAHs 
Almost 40 kinds of PAHs can be detected from coal, combustion products and coking products using 
GC-MS (Table 2). Known from the Table 2, the contents of PAHs vary with species of PAHs, there are 
many species of parent PAHs in coal, and their contents are relatively h igh, while the contents of alkyl 
PAHs are relatively low. The contents of PAHs detected from the corresponding comb ustion products BA, 
FA and DF decrease evidently, and it’s much higher in BA than in FA. The content of phenanthrenes in 
coal, combustion products and coking products is very high. Compared the raw coal in the power plant 
with the coking coal, the contents  of all PAHs in the coking coal are obviously higher than the raw coal in 
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the power plant. The species of alkyl PAHs in FTA, CP and DF are relatively many, but their contents are 
relatively low. In view of the hazard  of PAHs, 16 species of precedence-controlled PAHs set by US EPA 
are main ly discussed here, nine of which have been detected (Table 2). From the Table 2, the content of 
naphthalene is relatively low, which resulting from the fact that a majority of naphthalene occurs in gas. 
The content of benzo[a]pyrene is regarded as the most important organic pollutant in particulates and 
aerosols at home and abroad. Detected from all particulate samples, the content of benzo[a]pyrene in FTA 
and DF in the coking plant is higher than other samples, is 0.88μg.g-1 and 0.78μg.g-1 respectively, both are 
88 times and 78 t imes as much as GB3095-1996. The benzo[a]pyrene is publicly  regarded as the strongly 
carcinogenic matter. The coking workers works in the environment with so high content of 
benzo[a]pyrene, which resulting in great harm to the health of coking workers, it must be paid much 
attention to it. 
Table 2 Contents of PAHs from coal combustion and coking in the Shougang district Beijing 
PAHs 
Power Plant (μg.g-1) Coking Plant (μg.g-1) 
Coal BA FA DF WW (μg.L-1) Coal FTA CP DF 
WW 
(μg.L-1) 
Naphthalene 0.0082 0.0046 0.004 0.0003 0.66 0.041 0.027 0.072 0.01 0.06 
Methyl naphthalene 0.033 0.0115 0.006 0.0002 0.225 0.082 0.055 0.1 0.04 0.04 
Ethyl naphthalene 0.19 0.041 0.006 0.0003 0.12 1.65 0.4 0.15 0.22 - 
Dimethyl naphthalene 0.66 0.13 0.014 0.0011 0.37 3.45 1.28 0.44 0.71 - 
Trimethyl naphthalene 3.38 1.07 0.017 0.02 1.32 9.42 4.24 1.03 3.03 0.58 
Phenanthrene 3.61 2.57 0.015 0.15 1.85 18.26 16.27 0.72 13.8 0.58 
Anthracene 0.35 0.13 0.0032 0.0037 0.38 - - 0.68 0.79 0.52 
Methyl phenanthrene 5.61 2.42 0.031 0.13 4.67 33.61 17.48 1.8 13.2 1.48 
Methyl anthracene 0.74 0.044 0.0039 - 4.28 - - 0.23 0.26 0.2 
Ethyl phenanthrene 0.36 0.14 0.0061 0.0068 0.53 2.12 1.39 0.2 1.27 0.06 
Dimethyl phenanthrene 4.21 1.29 0.058 0.054 7.99 21.37 13.7 1.49 12.3 0.9 
Retene 7.36 1.72 0.018 0.0079 - - 0.23 1.92 0.76 - 
Fluoranthene 2.42 0.4 0.045 0.02 6.4 1.14 5.78 0.69 8.83 55.1 
Pyrene 2.97 0.37 0.028 0.011 4.11 2.06 4.2 0.41 7.09 34.5 
Benzo[a]fluorene 1.25 0.14 0.0059 0.0014 0.56 0.86 0.74 0.048 0.8 1.72 
Benzo[b]fluorene 2.03 0.21 0.005 0.0028 1.49 3.82 1.8 0.12 2.14 5.8 
Methyl pyrene 1.03 0.071 0.0065 0.0008 0.36 1.47 1.13 0.11 1.57 3.44 
Methyl fluoranthene - - - 0.0012 0.79 - - - - 1.56 
Benzo[c]anthracene 0.41 0.023 0.0027 0.0040 1.15 0.69 1.61 0.12 3.01 15.4 
Benzo[a]anthracene - 0.023 0.0015 0.0024 1.15 0.69 1.36 0.04 2.59 13.38 
Chrysene 2.24 0.11 0.012 0.0024 4.51 5.52 6.44 0.15 8.53 18.9 
Benzo[k]fluoranthene 4.64 0.051 0.0092 0.0006 2.17 2.66 3.94 0.058 3.77 25.7 
Benzo[e]pyrene 2.25 0.041 0.0041 0.0003 1.58 4.21 4.96 0.034 3.33 16.8 
Benzo[a]pyrene 0.69 0.0046 0.0005 0 0.33 0.55 0.88 0.005 0.78 7.86 
Benzo[ghi]perylene 0.31 0.0046 0.0006 - 0.12 - 0.19 0.024 0.16 2.36 
Diphenyl 1.08 0.35 0.011 0.003 0.27 5.72 2.25 0.63 1.92 0 
Diphenylfuran 0.4 0.069 0.0036 0.0007 0.2 0.71 0.95 0.16 0.43 0 
Methyl diphenyl 0.21 0.19 0.0013 0.0067 0.1 2 1.04 0.63 0.5 - 
Methyl diphenylfuran 2.32 0.41 0.0041 0.011 0.36 4.23 3.24 0.27 1.44 - 
Fluorene 0.38 0.22 0.0021 0.0045 0.28 2.45 0.63 0.13 0.95 - 
Methyl fluorene 0.76 0.46 0.0018 0.02 0.52 5.13 1.41 0.089 1.69 - 
Eudalene 1.64 0.41 0.0007 0.0084 0.26 0.2 0.29 0.058 0.35 0.02 
Diphenyl thiophene 0.14 0.23 0.0011 0.012 0.49 2.59 1.35 0.038 1.25 0.02 
Thiophene 0.14 0.37 0.0028 0.014 1.41 6.86 2.46 0.12 2.58 0.06 
Aromatized steroids 2.98 1.04 0.048 0.02 - - 0.19 0.48 1.61 - 
“ -”, lower than the detect limit. 
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At the same time, the contents of some US EPA PAHs in particu lates are higher than benzo[a]pyrene, 
such as fluoranthene, pyrene, benzo[a]anthracene and benzo[k]fluoranthene. According to the Kalf’s 
study [7], they have stronger carcinogenesis and mutation than benzo[a]pyrene. So, as the harm was 
thought much of benzo[a]pyrene, the hazard of other EPA PAHs must be paid much attention to  as well. 
Especially the EPA PAHs in atmospheric part iculates must be caught importance to because most 
atmospheric particulates can directly enter into respiratory system of human beings and result in great 
harm to human body. PAHs in atmospheric particulates mainly come from fine grain coal, incomplete 
combustion and coking of coal, adsorbed organic matter and emission of automobile wastes and so on.  
Compared WW from the power plant with WW from the coking plant, low molecu lar PAHs in WW 
from the power plant are dominated, while high molecular PAHs in WW from the coking plant are 
dominant (Table 2), which  resulting from the sources of PAHs. WW from the power plant main ly comes 
from water after flushed residues, PAHs in BA becomes low molecular after leaching and flushing, while 
WW from the coking plant mainly  comes from cooled water of coal gas and waste water produced during 
coking. So there are low molecular and high molecular PAHs in WW from the coking plant. 
3.3. The Carbon Isotope Values of PAHs 
The carbon isotope data (δ13C‰) detected from PAHs are shown in  Table 3. The fractionation of 
carbon isotope occurs in all samples, which is related with the coal combustion and coking. Known from 
the Table 3, theδ13C values of PAHs from coal combustion products  become loss (negative) compared 
with the raw coal, ranging from -25.0‰ to -28.8‰. This is owing to the first breaking of 12C-12C bonds in 
PAHs with increasing temperature during coal combustion, which resulting in the loss of 13C [8]. At the 
same time, theδ13C values of PAHs from the coking products become loss as well compared with the raw 
coal, ranging from -24.0‰ to -28.3‰, in which the δ13C value of PAHs from CP badly reduces to -
28.3‰. Most 12C-12C bonds in PAHs are broken  during coking, which  resulting in the loss of 13C. The 
δ13C value of PAHs from FTA reduces a little compared with the raw coal, which is main ly related with 
the composition of FTA. FTA is composed of some coal, semi-coke and coke powder. The δ13C value of 
PAHs from DF in the coking plant is between coal and CP, which resulting from the composition as well. 
The fract ionation of carbon isotope of PAHs in  particulates from the power p lant and coking p lant can 
mainly be affected by the following factors: 1. the combustion (coking) temperat ure, higher the 
temperature is, more loss the carbon isotope of PAHs in combustion and coking products is; 2. the 
complete degree of combustion and coking, more complete the combustion (coking) is, more loss the 
carbon isotope of PAHs in combustion and coking products is; 3. there is incomplete combustion (coking) 
coal mixed in the combustion (coking) products, the carbon isotope of PAHs is intervenient. The sources 
of PAHs in part iculates from the coal combustion and coking environments can be primarily id entified 
through the carbon isotope, and incomplete combustion or coking particulates mixed in combustion or 
coking products can be found out as well. The McRae’s study indicates that theδ13C values of coal-
derived PAHs decrease from coal carbonizat ion, coal gasification to coal combustion  [9], which  resulting 
from the condensation of aromat ic rings, also ind icating PAHs are not only released as volatiles during 
coal combustion or coking.  
Table 3 δ13C values of PAHs from coal combustion and coking products in Shougang Beijing  
δ13C 
(‰) 
Power Plant Coking Plant 
Coal BA FA DF WW Coal FTA CP DF WW 
-25.0 -28.5 -28.3 -28.8 -28.4 -24.0 -24.5 -28.3 -26.8 27.2 
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The δ13C value of PAHs in WW from the power plant is -28.4‰ , while the value of WW from the 
coking plant is only -27.2‰, which indicat ing the leaching can also result in the loss of 13C. WW in the 
power plant comes from the water after flushing and leaching BA, while WW in the coking plant comes 
from the cooled water during coking and the water after rinsing and leach ing coking products through tap 
water. Obviously both of WW from the power p lant and the coking p lant experience the similar leach ing, 
which finally resulting in the loss of δ13C values of PAHs. 
3.4. The Impact of PAHs on the Environment  
In order to meet the different needs, the species of PAHs are preferentially controlled to reduce the 
pollution and hazard to the environment, such as precedence-controlled environmental pollutants in China, 
precedence-controlled pollutants set by US EPA, European Union Blacklist, carcinogenic and mutated 
lists in lab, their total contents see also the Table 4. 
Table 4 The total concentrations and species of precedence-controlled PAHs (μg.g-1) from coal combustion and coking in Shougang 
Beijing 
Sample Types 









































 Coal 7.76 14.72 14.72 5.34 11.66 BA 0.46 3.64 3.64 0.06 3.4 
FA 0.058 0.11 0.11 0.013 0.091 
DF 0.021 0.19 0.19 0.001 0.19 
WW 







 Coal 4.39 27.85 27.85 3.25 26.36 
FTA 10.63 33.09 33.09 4.85 32.82 
CP 0.83 2.13 2.13 0.14 1.97 
DF 13.39 37.81 37.81 4.56 36.05 
WW 
(μg.L-1) 88.76 137.26 137.26 33.64 122.44 
 
Known from the Table 4, the species and total contents of precedence-controlled PAHs differ for 
different countries and departments, among which the precedence-controlled PAHs set by US EPA and 
European Union are most, while the precedence-controlled environmental pollutants and carcinogenic 
PAHs set by China are least. However the results in Table 4 show the species and contents of poisonous, 
carcinogenic and mutated PAHs in combustion products, especially in coking products reach at the 
relatively high level. Compared the contents of pollutants in WW from the power plant and coking plant 
with the po llution standards of 10 PAHs set by the International Institute of Public Health and 
Environment (Tab le 5), the content of benzo[k]fluoranthene from WW in the power plant and coking 
plant is 54.25 times and 642.5 times as much as the pollution standard respectively, fluoranthene is 21.33 
times and 183.7 times, benzo[a]pyrene is 6.6 times and 157.2 times, chrysene is 12.26 times and 55.59 
times, and the total contents of precedence-controlled pollutants are 7.38 times and 52.3 times as much as 
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the pollution standard respectively. It is obvious that the contents of precedence -controlled pollutants in 
WW from the coking plant are far higher than the pollution standard, the contents of some precedence -
controlled pollutants from WW in the power plant badly exceed the standard as well despite they are not 
the same badly as WW in the coking p lant. According to the industrial drainage standard in China, PAHs 
in WW are not preferentially controlled. So, the hazard and pollution to the environment resulting from     
PAHs in WW of the power plant and the coking plant must be paid much attention to. 
Table 5 Comparisons of PAHs from WW in the power plant and coking plant in Shougang Beijing with the pollution standards set 
by the International Institute of Public Health & Environment 
PAHs Pollution Standards (μg.L-1) 
WW in Power 
Plant (μg.L-1) 
Ratio of WW in 
Power Plant to 
Standard 
WW in Coking 
Plant (μg.L-1) 
Ratio of WW in 
Coking Plant to 
Standard 
Naphthalene 1.20 0.66 0.55 0.06 0.05 
Anthracene 0.07 0.38 5.43 0.52 7.43 
Phenanthrene  0.30 1.85 6.17 0.58 1.93 
Fluoranthene 0.30 6.4 21.33 55.12 183.73 
Benzo[a]anthracene 0.01 1.15 11.5 13.38 133.8 
Chrysene 0.34 4.51 12.26 18.9 55.59 
Benzo[k]fluoranthen
e 0.04 2.17 54.25 25.7 642.5 
Benzo[a]pyrene 0.05 0.33 6.6 7.86 157.2 
Benzo[ghi]peryene 0.03 0.12 3 2.36 78.67 
Indo[1,2,3-
cd]peryene 0.04     
Totals 2.38 17.57  124.48  
 
From the above study, PAHs from coal combustion and coking products can be released into the soil 
and water after leach ing through surface water, which resulting in hurting to the human health. PAHs in 
WW from the power plant and coking plant can be direct ly released into the soil and surface water, 
resulting in the harmful impact on the environment and human health. 
4. Conclusions 
Based on the above study, the following conclusions can be deduced: 
1) Large amount of PAHs emitted from coal combustion and coking, n ine of which are precedence -
controlled pollutants set by US EPA, four kinds of PAHs are carcinogenic, nine are mutated. The coking 
plant can cause more harms to the atmospheric environment. The fine particu late fly ash and soot emitted 
from the power plant is also an important factor impacting on the environment. 
2) High contents of PAHs in WW produced from the power plant and coking plant, in which the total 
contents of controlled po llutants are respectively 7.38 times and 52.3 times as much as the pollution 
standards set by the International Institute of Public Health and Environment. High contents of PAHs in 
WW can result in harmful impact on the environment through direct drainage into surface water or 
intrusion into soil. 
3) PAHs in coal dump and wastes pile can be released from the leaching of rainwater, which can  
further intrude into the ground water through the leaching of surface water and cause harm to human 
health. 
4) The δ13C values of PAHs from coal combustion and coking show that the higher temperature and 
more complete the coal combustion and coking is, the more loss the carbon isotope is, which indicating 
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theδ13C values of PAHs may be applied to source apportionment of env ironmental particu lates from coal 
combustion and coking.  
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